Background: The harmful effects of alcohol dependence on brain structure and function have been well documented, with many resolving with sufficient abstinence. White matter signal hyperintensities (WMSH) are thought to most likely be consequences secondary to the vascular (i.e., hypertension and atherosclerosis) effects of AD. We hypothesized that such effects would persist into long-term abstinence, and evaluated them in middle-aged long-term abstinent alcoholics (LTAA) compared with age and gender comparable nonalcoholic controls (NAC).
I N THIS INVESTIGATION, we examined the effects of alcohol dependence (AD) on cerebral white matter, focusing on white matter signal hyperintensities (WMSH). We used a new automated WMSH identification and quantification program developed in-house. WMSH on T2-weighted magnetic resonance images (MRIs) have been observed for 25 years, but there has been little agreement on their exact nature or effects. There has not been a standard paradigm or protocol for delineating WMSH, but rather there have been a multitude of qualitative and quantitative grading scales for WMSH severity, increasing variability in WMSH measurement, and limiting consistency of results across studies (Kuller et al., 2004; Lin et al., 2005; Sassi et al., 2003) .
Despite prodigious advances in automated measurement of many aspects of brain structure, reliable automated measurement of WMSH has been difficult to achieve because of the complexity of the problem. WMSH are relatively straightforward to identify visually. Basically, they are areas in white matter where the T2 signal is heightened with respect to its surrounding white matter. Problems in automating this identification arise because of: (1) the presence of artifactual local increases in T2 intensity in specific brain regions [e.g., sulcal and ventricular cerebrospinal fluid (CSF) flow artifacts], (2) the relative nature of WMSHs (i.e., they are indicated not by exceeding a T2 intensity threshold, but by being more intense than immediately surrounding tissue), and (3) their presence confounds classification of gray versus white matter (i.e., severe WMSH affect T1 intensity, making it more similar to that of gray matter or CSF than that of white matter)-if the tissue is classified as gray matter, the tissue may miss being classified as WMSH. Quantifying inter-subject differences in WMSH in populations with heavy WMSH burdens (e.g., the elderly) is relatively easy (Wu et al., 2006) . Quantification of WMSH burden becomes more complex in less affected populations, where artifact may play a more prominent role because of the lesser presence of WMSH. Moreover, the issues are somewhat different depending on whether the WMSH are identified on simple T2-weighted images (where WMSHs and fluid-filled areas are bright) or on FLAIR sequences (i.e., where WMSHs are bright, but fluid filled areas including the ventricles, sulci, and Virchow-Robin spaces are dark).
White matter signal hyperintensities have often been separated into 2 classes depending on the location: deep versus periventricular WMSH. Deep WMSH are located in the deep white matter at the end and border zones of arterial perfusion, while periventricular WMSH are adjacent to the ventricular ependyma, especially at the anterior and posterior horns of the lateral ventricles. Deep WMSH and periventricular WMSH are believed to have different etiologies. Deep WMSH are thought to represent incomplete infarction of the underlying tissue on the basis of the strong correlations between vascular risk factors and deep WMSH prevalence and severity, while associations between vascular risk factors and periventricular WMSH are somewhat weaker (Decarli et al., 2005) . Periventricular WMSH are thought to represent periventricular venous collagenosis, and ependymal leakage, while deep WMSH are thought to be caused by fibrohyalinosis and perivascular changes in myelin (Decarli et al., 2005; Ten Dam et al., 2007) , associated with changes in the bloodbrain barrier and extravasation of components of the serum (e.g., protein). In fact, Starr et al. have shown that subjects with more WMSHs had increased blood-brain barrier permeability compared to subjects with fewer lesions (Starr et al., 2003) .
The major risk factors for WMSH development are increasing age and vascular disease (Bots et al., 1993; Liao et al., 1997 Liao et al., , 1996 Longstreth et al., 1996; Manolio et al., 1999; Young, 2007) . Using T2-weighted MR images of 3293 subjects (average age = 75 years) from the Cardiovascular Health Study (CHS), Kuller and colleagues (2004) , using a semiquantitative manual rating scale, found that individuals with moderate to severe WMSH have a 2.8% risk of stroke per year of age versus a 0.6% per year risk for individuals with mild levels of WMSH. An earlier study using the CHS dataset found significant independent correlations between WMSH load and age, clinically silent stroke, high systolic blood pressure, and lower forced expiratory volume in 1 second (Longstreth et al., 1996) . Cigarette smoking, which has a high comorbidity with alcoholism (Collins and Marks, 1995; Difranza and Guerrera, 1990; Grucza and Beirut, 2006; Sher et al., 1996) , is significantly associated with WMSH load, but the association is much smaller than that of other cerebrovascular risk factors such as hypertension or diabetes (Fukuda and Kitani, 1996; Jeerakathil et al., 2004; Sachdev et al., 2007) .
There are few current studies that correlate WMSH with alcohol use, abuse, or dependence. Two relatively large studies had a similar and provocative finding (Den Heijer et al., 2004; Mukamal et al., 2001) . Both studies found a U-shaped relationship between alcohol dose and WMSH; that is, moderate drinkers had the least WMSH compared to abstainers and heavy drinkers. This is consistent with the literature that moderate alcohol use may have a cardioprotective effect, and that heavy alcohol use may be associated with increased cerebrovascular disease. However, caution is warranted in concluding that heavy alcohol use is associated with an increased WMSH load, since not all studies of alcoholics find such an increase (e.g., Jernigan et al., 1991; Pfefferbaum et al., 1992) .
The current study examined deep WMSH and periventricular WMSH in long-term abstinent alcoholics (LTAA) and nonalcoholic controls (NAC). We have published extensively on these LTAA and NAC elsewhere (Di Sclafani et al., 2008; Fein and Chang, 2006; Fein et al., 2007 Fein et al., , 2006a . In this investigation, we hypothesize that there will be an increased prevalence and volume of deep and periventricular WMSH in LTAA, and that this effect will not be attenuated with abstinence, since the vascular damage associated with WMSH is not thought to be reversible.
MATERIALS AND METHODS

Participants
A total of 97 participants were recruited from the community by postings at AA meeting sites, mailings, newspaper advertisements, a local Internet site, and subject referrals. The study consisted of 2 subject groups: LTAA and NAC. The LTAA group comprised 24 women and 27 men, ranging from 35 to 58 years of age (mean = 46.7 years), who were abstinent from alcohol and drugs (except nicotine and caffeine) for 6 months to 21 years (mean = 6.3 years) (see Table 1 ). The inclusion criteria for the LTAA group were: (1) met lifetime Diagnostic and Statistical Manual of Mental Disorders (DSM IV) (American Psychiatric Association, 2000) criteria for lifetime alcohol dependence, (2) had a lifetime drinking average of at least 100 standard drinks per month for men and 80 standard drinks per month for women, and (3) were abstinent for at least 6 months. A standard drink was defined as 12 oz. beer, 5 oz. wine, or 1.5 oz. liquor. The NAC consisted of 23 women and 23 men, ranging from 34 to 59 years of age (mean = 45.5 years). The inclusion criterion for the NAC group was a lifetime drinking average of < 30 standard drinks per month, with no periods of drinking more than 60 drinks per month.
Exclusion criteria for both groups were: (1) lifetime or current diagnosis of schizophrenia or schizophreniform disorder using the computerized Diagnostic Interview Schedule (Bucholz et al., 1991; Erdman et al., 1992; Levitan et al., 1991; Robins et al., 1998) , (2) history of lifetime or current drug abuse or dependence (other than nicotine or caffeine), (3) significant history of head trauma or cranial surgery, (4) history of significant neurological disease, (5) history of diabetes, stroke, or hypertension that required an emergent medical intervention, (6) laboratory evidence of hepatic disease, or (7) clinical evidence of Wernicke-Korsakoff syndrome.
All individuals participated in the following assessments: (1) psychiatric diagnoses and symptom counts were gathered using the computerized Diagnostic Interview Schedule (c-DIS) (Robins et al., 1998) , (2) participants were interviewed on their lifetime drug and alcohol use using the timeline follow-back methodology (Skinner and Allen, 1982; Skinner and Sheu, 1982; Sobell and Sobell, 1990; Sobell et al., 1988) , (3) medical histories were reviewed in an interview by a trained research associate, (4) blood was drawn to test liver functions, and (5) the Family Drinking Questionnaire was administered based on the methodology of Mann and colleagues (1985) and Stoltenberg and colleagues (1998) . The Family Drinking Questionnaire asked participants to rate the members of their family as being alcohol abstainers, alcohol users with no problem, or problem drinkers. Family History Density was defined as the proportion of first degree relatives that were problem drinkers. Approval for the study was obtained from a free-standing independent human subjects research review committee (Independent Review Consulting, Corte Madera, CA), and written informed consent was obtained from all research participants.
Neuropsychological Assessment
The neuropsychological assessments were administered in 1 session. The battery began with the administration of the following individual tests: Rey-Osterrieth Complex Figure ( copy, immediate, and 20-minute delayed) (Osterrieth, 1944) , Trail Making Test A and B (Reitan and Wolfson, 1985) , Symbol Digit Modalities Test (written administration only) (Smith, 1968) , American version of the Nelson Adult Reading Test (AMNART) (Grober and Sliwinski, 1991) , Short Category Test (booklet format) (Wetzel and Boll, 1987) , Controlled Oral Word Association Test (COWAT) (Benton and Hamsher, 1983) , Paced Auditory Serial Addition Test (PASAT) (Gronwall, 1977) , Block Design (WAIS-R) (Wechsler, 1981) , Stroop Color and Word Test (Golden, 1978) , Fregly Ataxia Battery (Fregly et al., 1973) , and the Simulated Gambling Task (Bechara et al., 1994) .
After a 15-minute break, the participant completed the MicroCog (MC) Assessment of Cognitive Functioning (standard version) (Powell et al., 1993) . The MicroCog is a computer-administered and -scored test that assesses neurocognitive function in adults. MicroCog was designed to sensitively detect cognitive impairment across a wide range, with age-and education-level adjusted norms.
Normative scores derived from a nationally representative sample of adults are available for each test, either from the creators or distributors of the tests. Z-scores for the neuropsychological domains and measures were computed based on standardized norms adjusted for age [Stroop (Golden, 1978) , Short Categories (Wetzel and Boll, 1987) , PASAT (Stuss et al., 1988) , Block Design (Wechsler, 1997) , and Rey (Denman, 1987) ], years of education [AMNART (Schwartz and Saffran, unpublished manuscript)], age and years of education [Symbol Digit Modalities (Smith, 1982) , MicroCog (Powell et al., 1993) ], and age, gender, and years of education [Trails A and B (Heaton et al., 1991) , COWAT (Ruff et al., 1996) ]. The Stroop, Symbol Digit Modalities, and the MicroCog test norms are not specific to gender, since gender did not significantly affect scores in the normative samples (Golden, 1978; Powell et al., 1993; Smith, 1982) . The AMNART was used to estimate premorbid IQ (Grober and Sliwinski, 1991) . The AMNART did not have age norms because the test was designed to be resistant to the effects of normal aging and most neurodegenerative diseases. Additionally, Grober et al. (Grober and Sliwinski, 1991) have reported that gender does not influence AMNART scores. Z-scores were standardized so that all positive z-score values indicated superior performance.
The final neuropsychological (NP) battery consisted of the following 9 domains, and their component tests: (1) 
Current and Lifetime Psychiatric Diagnoses, Symptoms, and Psychological Measures
The computerized Diagnostic Interview Schedule (Robins et al., 1998) was administered to all participants by a research associate. The c-DIS generates a list of endorsed lifetime symptoms, determining whether individuals met criteria for a lifetime diagnosis. The c-DIS assessed symptoms in the anxiety disorder domain for: agoraphobia, compulsive disorder, obsessive disorder, panic disorder, posttraumatic stress disorder, and social phobia. In the mood disorder domain, the c-DIS assessed symptoms for: dysthymia, mania, and major depressive disorder. In the externalizing disorder domain, the c-DIS assessed symptoms of Antisocial Personality Disorder and Conduct Disorder (without ASPD). If criteria for a lifetime diagnosis were met, the c-DIS followed up with questions about whether criteria were met for a current diagnosis (one that existed in the prior 12 months). Although the c-DIS does determine current diagnoses, it does not yield currency information for individual symptoms. For the endorsed symptoms, we constructed 3 aggregate variables, encompassing symptoms in the mood, anxiety, and externalizing disorder domains, respectively. In addition, we gathered psychological measures in the mood, anxiety, and externalizing disorder domains. The psychological scales used to assess the anxiety construct were the Reiss-Epstein Anxiety Sensitivity Index (ASI) (Reiss et al., 1986 ) and the State and Trait Scales of the State-Trait Anxiety Inventory for Adults (STAI-S and STAI-T) (Spielberger, 1983) . Mood was assessed using the Depression and Hypomania Scales of the Minnesota Multiphasic Personality Inventory-2 (MMPI-D and MMPI-H) (Hathaway and Mckinley, 1989) . The externalizing construct was assessed using the Socialization Scale of the California Psychological Inventory (CPI-SS) (Gough, 1969) and the Psychopathic Deviance Scale of the MMPI-2 (MMPI-PD) (Hathaway and Mckinley, 1989) .
Image Acquisition
All MRIs were collected on a 1.5T GE Signa Infinity with the LX platform (GE Medical Systems, Waukesha, WI) located at the Pacific Campus of the California Pacific Medical Center in San Francisco. For each subject, we acquired a transaxial T1-weighted Spoiled Gradient image (TR = 35 ms, TE = 5 ms, acquisition matrix = 256 · 192) at 1.3 mm thickness, and a FLAIR image (TR = 8800 ms, TE = 144.7 ms, inversion time = 2200 ms, acquisition matrix = 256 · 256) at 5 mm thickness. The FLAIR slices were interleaved with no inter-slice gap. Nominal in-plane resolution was 0.859 · 0.859 mm. A neuroradiologist read all MRI scans. All scans were free from abnormalities other than WMSH.
Image Processing
In response to the difficulties with qualitative ratings of WMSH, we developed a quantitative approach for analyzing WMSH severity. We used software from Oxford University's Centre for Functional MRI of the Brain (FMRIB) for skull removal (Smith, 2002) , registration (Jenkinson and Smith, 2001) , and segmentation (Zhang et al., 2001) followed by in-house developed automated WMSH delineation and quantification algorithms. Preprocessing of the images, which included co-registration of the FLAIR and T1 images, computing affine transformation matrices from subject space to MNI space, segmentation, bias correction, and noise reduction (Smith, 1992) , was carried out with FMRIB's FSL package, version 3.3 (FMRIB, Oxford, UK). WMSH delineation and quantification was accomplished using an automated software algorithm developed in-house. The WMSH delineation and quantification algorithm followed 3 main steps: (1) white matter isolation, (2) WMSH detection, and (3) separation of deep versus periventricular WMSH.
White matter isolation is the first step in our image processing. WMSH are characterized by bright regions in the white matter on the FLAIR image. Segmentation algorithms (including FSL's FAST algorithm) often misclassify WMSH as gray matter or CSF because WMSH affect intensities on both FLAIR and T1-weighted images. In order to validly delineate WMSH, the FLAIR image analysis needed to be restricted to true white matter because: (1) there are often artifactually bright regions on the FLAIR image in gray matter at the outer boundary of the brain and in CSF in the choroid plexus. These should not be included as WMSH because they represent (primarily flow) artifact, and (2) areas within white matter that are bright on FLAIR and misclassified as gray matter or CSF during segmentation must be reclassified as white matter and included as WMSH. To isolate the true white matter in the segmentation, the sulcal and ventricular CSF was removed. Next, the outer gray matter (adjacent to the outer boundary of the brain) was removed from the segmentation to prevent the inclusion of artifactual hyperintensities due to bright gray matter. Subcortical gray matter was then removed from the image using the Talairach Daemon's definitions of the subcortical structures. The gray matter areas that were predominantly located under the subcortical mask and the isolated white matter areas that were fully contained under the mask were removed. Remaining areas that were classified as gray matter but were bright on the FLAIR image were reclassified as white matter.
The detection of WMSH is the second step in our image processing. The intensities of the voxels in the FLAIR image that were labeled as white matter were examined using peak detection to find local maxima and adaptive thresholds to compare the intensity of the hyperintense area to the surrounding voxels. When a sufficient intensity drop-off was encountered, this boundary was then used to define the edge of the WMSH. The resulting image was a 2-class segmentation representing normal white matter and WMSH.
The final step in processing separated deep WMSH from periventricular WMSH based on the shape of the WMSH and its position relative to the ventricles (see Fig. 1 ). The ventricular boundaries were delineated by using a deformable 2D snake model (Xu and Prince, 1998) initialized on the overlapping areas between the Talairach atlas' ventricle definition and the cerebrospinal fluid segmentation in FLAIR space. This approach found the smooth ventricular boundaries while avoiding thin CSF avenues in the interhemispheric fissure that may have been present because of image resolution limitations. The boundaries of periventricular WMSH that originated adjacent to the ventricles were found by the deformable snake, while irregularly shaped regions of increased FLAIR intensity extending from periventricular WMSH were classified as deep WMSH. The limitation of this 2D approach, which we are currently addressing, is that WMSH superior or inferior to the ventricles (rather than lateral to them) are not identified as periventricular since the snake is implemented in 2D on axial slices. The final output of the WMSH program is a 3-class segmentation representing normal white matter, deep WMSH, and periventricular WMSH. In the beginning stages of development, the algorithms were evaluated against 50 images spanning a wide range of WMSH volumes in which the boundaries of each WMSH were delineated by a board certified neuroradiologist (JB), and had false positive and false negative rates of <5% of WMSH volume. After processing, each subject had an image marking normal white matter, deep WMSH, and periventricular WMSH. Figure 1 is an example of an output of the WMSH delineation. Periventricular WMSH were defined in 2D as hyperintensities beginning at the ventricular boundaries and extending outward into the white matter with smooth boundaries. Deep WMSH, which were contiguous with periventricular WMSH, were characterized as isolated bright regions located in the deep white matter of the cerebral cortex.
RESULTS
In order to determine whether WMSH volumes should be adjusted for cerebral white matter volume or cranium size (using FSL's cranium size index), we examined the proportion of variance of the WMSH measures accounted for by these potential covariates. Neither total white matter volume nor the cranium size index accounted for more than 2.7% of the variance of either WMSH measure (ps > 0.11). Moreover, there were no differences between groups in total white matter (p = 0.1588) volume or cranium size (effect sizes less than 1.3%, ps > 0.15), but men had more white matter and larger craniums than women (ps < 0.0001). The gender difference in white matter volume was entirely accounted for by the gender differences in cranium size, with the gender difference in white matter volume disappearing when adjusted for cranium size (effect size = 0.24%, p = 0.41). However, since there was a strong trend toward an association between total white matter volumes and WMSH volumes, each subject's WMSH volumes were adjusted for total cerebral white matter volume. Using group and gender as main effects, we found the LTAA to have more deep WMSH than NAC (effect size = 4.4%, p = 0.039), and numerically (but nonsignificantly) more periventricular WMSH than NAC (effect size = 1.7%, p = 0.19) (see Table 2 ).
Association of WMSH Measures With Demographic and Alcohol Use Measures
Using group and gender as main effects, with age as a covariate, we found significant age by group interactions for both deep and periventricular WMSH (effect size = 5.7%, p = 0.014 for periventricular WMSH; effect size = 6.5%, p = 0.007 for deep WMSH). After adjusting for age, there were more periventricular WMSH (p = 0.023) and deep WMSH (p = 0.017) in LTAA than NAC. We followed up on the interaction effects by computing age correlations separately for the control and LTAA groups. We found essentially no age correlations in NAC (rs < 0.106, ps > 0.48), but significant positive correlations, indicating increasing WMSH burden as a function of age, in LTAA (r = 0.401, p = 0.004 for periventricular WMSH; r = 0.449, p = 0.001 for deep Measures are reported as mean ± standard deviation. FSL cranium size index: larger numbers indicate larger intracranial vaults. Effect is significant: *p £ 0.05, **p £ 0.01, ***p £ 0.001.
WMSH). The age associations for NAC and LTAA are displayed in Figs. 2 and 3 . In the LTAA sample, alcohol use measures were confounded with age because of the fact that older subjects had a longer time to drink. Partial correlations were computed in the LTAA group between the WMSH measures and alcohol use variables controlling for age, and between the WMSH measures and age controlling for alcohol use variables. While controlling for age, significant positive partial correlations were found for peak alcohol use (r = 0.500, p < 0.001 for periventricular WMSH; r = 0.364, p = 0.009 for deep WMSH) and for lifetime use (r = 0.376, p = 0.007 for periventricular WMSH; r = 0.306, p = 0.031 for deep WMSH). Similarly, we found significant correlations between WMSH volumes and alcohol dose measures (in standard drinks) while controlling for age. There were significant positive correlations between peak dose and both types of WMSH (r = 0.338, p = 0.015 for periventricular WMSH; r = 0.370, p = 0.008 for deep WMSH), and trends toward such correlations between lifetime dose and both types of WMSH (r = 0.234, p = 0.102 for periventricular WMSH, r = 0.223, p = 0.122 for deep WMSH). Significant partial correlations with age were found for deep WMSH volumes whether controlling for peak alcohol use or lifetime alcohol use (r = 0.328, p = 0.020 controlling for peak use; r = 0.326, p = 0.021 controlling for lifetime use). Partial correlations between WMSH volumes and abstinence duration partialling out age were negative, but nonsignificant (r = )0.229, p = 0.109 for periventricular WMSH; r = )162, p = 0.262 for deep WMSH). We found no significant correlations between the WMSH measures and years of education (rs < 0.112, ps > 0.440) or the density of the family history of alcoholism (rs < 0.127, ps > 0.377). Finally, we found no significant correlations between the WMSH measures and any psychiatric or cognitive variables (all rs < 0.198, all ps > 0.163) (see Table 3 ).
DISCUSSION
The major finding of this study was of an increased WMSH load in middle-aged LTAA compared with age and gender comparable NAC. The results suggest that these WMSH are a consequence of heavy alcohol intake since the WMSH volume was positively associated with both lifetime alcohol use (total drinks consumed) and peak dose (average number of drinks per month during the time of the subjects' heaviest drinking), independent of the effects of age. We did not find associations of WMSH load with the family density of alcoholism or with years of education, suggesting that WMSH load was not associated with factors predisposing individuals to alcoholism but was a result of excessive alcohol ingestion itself.
There is little doubt in current alcoholism research that the aging brain (late middle age and older) is more vulnerable to the effects of AD (Kril and Halliday, 1999; Raz et al., 1997) , i.e., the same dose of alcohol affects the older brain more than the younger brain. There are 2 major models regarding the effects of AD and aging on the brain. The first is the ''cumulative or additive effects'' model, which assumes that the older brain is simply showing more damage than the younger as a result of greater years of age (normal aging itself has detrimental effects on the human brain), and the greater cumulative dose of alcohol ingested over the additional years the older individual drank (as compared to a younger person). The second proposes a ''synergism'' between alcohol dose and brain damage, in which dose potentiates damage due to aging, or aging potentiates the damage due to alcohol intake, or both. WMSH burden may reduce brain functional reserve capacity in LTAA, making individuals more vulnerable to the functional consequences of other brain insults that occur with increasing age (Fein and Di Sclafani, 2004) . In this middle-aged LTAA sample, lifetime and peak alcohol use measures were correlated with WMSH volumes after controlling for age, showing that alcohol consumption contributes to white matter damage independent of age. In addition, there was an age effect on WMSH volume in LTAA (independent of alcohol use), with no effect of age on WMSH volume in controls. This establishes a synergistic effect of alcohol and age, with a larger effect of age in alcoholics than controls (in fact, there is no effect in controls). In the presence of chronic alcoholism (even in remission), age exerts a morbid effect on white matter. This finding contrasts with the results from our previous study of brain structure in treatment-naı¨ve alcoholics (Fein et al., 2002) . In that study, we found a nearly complete confound between the effects of age and alcohol use on cortical gray matter. In other words, we did not find an effect of age independent of the effects of alcohol use. The major differences between the studies are the focus on gray matter vs. white matter, and that the severity of alcohol use is higher and the subjects are older in the current study; either of these differences could have accounted for the different results.
We found no clear functional consequences of the WMSH that are the subject of this study. Although our power to detect such effects could be stronger, the lack of a relationship between both deep WMSH and periventricular WMSH volume and these variables shows that there is no large association present. It is possible that the WMSH burden in the alcoholics may be associated with increases in brain functional morbidity as brain functional reserve capacity diminishes with age (Fein and Di Sclafani, 2004) .
We wish to note that there are some limitations in this study. First, our 5 mm slice thickness for the FLAIR images imposes limitations on WMSH detection; the technology has advanced since our study began, allowing thinner slices which would allow more sensitive detection of small WMSHs and more accurate delineation of WMSH boundaries. In contrast, it is important to note that imaging technology is always improving. In the introduction, we mentioned that both Jernigan and colleagues (1991) and Pfefferbaum and colleagues (1992) failed to find increased WMSH load in alcoholics with the imaging technology available in the early 1990s. At that time, FLAIR sequences had not yet been developed, and inter-slice gaps were standard. Both of those studies used 2.5 mm gaps with 5 mm thick slices, resulting in coverage of only two-thirds of the brain, which is a problem for detecting small WMSHs. Thinner slices and on-line correction for movement will both increase the sensitivity of WMSH detection algorithms. Second, the differentiation of periventricular and deep WMSH was limited by a 2D approach that was unable to classify WMSH in the slice(s) directly above or below the ventricles as periventricular. While this did not affect the detection of total WMSH, this limitation resulted in the underestimation of periventricular WMSH and overestimation of deep WMSH. Nevertheless, these errors represented only a fraction of the total WMSH load in each subject and were unbiased toward either experimental group. The periventricular and deep WMSH volumes are adjusted for inter-subject differences in total cerebral white matter volume. Alcohol use measures represent the quantity of alcohol consumed during a given time frame. Alcohol dose measures represent the average monthly intake of alcohol during a given time frame. Family drinking density is the proportion of first-degree relatives who were problem drinkers. *p £ 0.05, **p £ 0.01, ***p £ 0.001.
Third, we did not specifically assess lifetime or current smoking, hypertension, or other atherosclerotic disease risk factors, nor did we address nutritional status, either while drinking or currently. All of these factors may be associated with WMSH burden, and we were unable o determine the degree to which these factors may have contributed to the findings in the current study. Additionally, we did not measure the severity of alcohol withdrawal in the abstinent alcoholics. Although withdrawal has not been linked to WMSH (Brown et al., 2000; Eckardt et al., 1992; Sullivan et al., 1996) , it has been shown to have deleterious effects on the brain. We routinely measure all of these factors in our ongoing work.
In conclusion, the current study found more WMSH in the LTAA group than in NAC. WMSH load was associated with alcohol use in alcoholics. This, combined with the absence of a strong negative trend between length of abstinence and WMSH volumes (after controlling for age), supports our hypothesis that WMSH in AD is a consequence of long-term heavy alcohol use, and represents white matter damage that may be irreversible. Additional work is required to determine the contribution of the cofactors mentioned above to such findings in alcoholic samples, and to determine whether such findings manifest in cognitive and health morbidity as individuals age and brain reserve capacity is diminished (Fein and Di Sclafani, 2004) .
